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1
FUEL INJECTOR TAPPET THREAD
RETENTION

TECHNICAL FIELD

The present disclosure relates generally to tappet retention
mechanisms for cam actuated fuel injectors, and more par-
ticularly to a thread retention strategy for preventing a tappet
from separating from an injector body during the pre-instal-
lation handling.

BACKGROUND

One class of fuel injectors are mechanically actuated via
rotation of a cam shaft. As a cam lob rotates, a tappet is driven
downward to push a plunger within the fuel injector to pres-
surize fuel for an injection event. After the cam lobe passes, a
mechanical spring biases the tappet toward a retracted posi-
tion to follow the cam surface as the cam continues to rotate.
Prior to installation in the engine, there typically must be
some means provided for preventing the biasing spring from
causing the tappet to separate from the injector body during
pre-installation handling. Known tappet retention strategies
may utilize a pin such as that described in co-owned U.S. Pat.
No. 6,209,798, or possibly a snap ring. Although these strat-
egies have worked well, there remains room for improve-
ment, particularly with regard to ease of assembly, robust
operation over a long service life, and fuel leakage from the
fuel injector around the tappet.

The present disclosure is directed toward one or more of
the problems set forth above.

SUMMARY

In one aspect, a fuel injector includes an injector body with
an external thread about a centerline. A tappet, which has an
internal thread that matches the external thread, is slidably
mounted on the injector body. The tappet is movable with
respect to the injector body along the centerline between a
pre-installation position, a retracted operational position and
an advanced operational position. The internal thread is in
contact with the external thread at the pre-installation posi-
tion, but is out of contact at the refracted operational position
and the advanced operational position. A spring is operably
positioned to bias the tappet toward the pre-installation posi-
tion. The tappet is constrained to move between the retracted
operational position and the advanced operational position
when installed in an engine. The contact interaction between
the internal thread and the external thread at the pre-installa-
tion position maintains the tappet assembled to the injector
body during pre-installation handling.

In another aspect, a method of assembling a fuel system
includes assembling a fuel injector by engaging an internal
thread of a tappet with an external thread of an injector body,
and rotating the tappet with respect to the injector body about
a centerline. The rotating step is continued until the internal
thread disengages the external thread so that the tappet is
slidable along the centerline. The tappet is biased toward a
pre-installation position at which the external thread contacts
the internal thread.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectioned side view of an engine according to
one aspect of the present disclosure;
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FIG. 2 is a partially sectioned perspective view of a tappet
prior to engagement with an injector body according to
another aspect of the present disclosure;

FIG. 3 is a partial sectioned front view of a fuel injector
according to the present disclosure when the tappet is at a
pre-installation position;

FIG. 4 is an enlarged view of the thread area from the fuel
injector shown in FIG. 3;

FIG. 5 is a partial sectioned front view of the fuel injector
from FIG. 3 when the tappet is at a retracted operational
position;

FIG. 6 is an enlarged front sectioned view of the thread area
of' the fuel injector of FIG. 5; and

FIG. 7 is a partial front sectioned view of the fuel injector
of FIG. 3 when the tappet is at an advanced operational
position.

DETAILED DESCRIPTION

Referring to FIG. 1, a sectioned view through an engine 10
shows a cam actuated fuel system 11 in which each fuel
injector 12 is positioned for direct injection into individual
engine cylinders responsive to rotation of cam 16. In particu-
lar, when cam 16 rotates, a tappet 14 of fuel injector 12 is
driven downward against the biasing action of spring 15 to
compress fuel within fuel injector 12 to commence an injec-
tion event. Tappet 14 is biased to retract by spring 15 to follow
the contour of the lobe for cam 16. During operation of engine
10 and fuel system 11, tappet 14 will move with respect to
injector body 13 between a refracted operational position
associated with the circular portion of cam lobe 16 and an
advanced operational position corresponding to the peak of
the lobe for cam 16. Prior to installation in fuel system 11,
spring 15 will tend to push tappet 14 to separate from injector
body 13 during pre-installation handling unless some reten-
tion strategy is present. The present disclosure teaches a new
tappet retention strategy that exploits an interaction between
internal and external threads 20, 21 on the tappet 14 and
injector body 13, respectively, without interfering with the
operation of fuel injector 12 after installation as shown in
FIG. 1.

Referring in addition to FIGS. 2-7, injector body 13
includes an external thread 20 about a centerline 19. Tappet
14 includes an internal thread 21 that matches the external
thread 20. FIG. 2 shows tappet 14 just prior to being con-
nected to injector body 13. The fuel injector is assembled by
engaging the internal thread 21 of tappet 14 with the external
thread 20 of injector body 13, and rotating tappet 14 with
respect to injector body 13 about centerline 19. Assembly is
completed when the internal thread 21 disengages from exter-
nal thread 20 so that the tappet 14 is then slidably mounted on
injector body 13 as shown in FIG. 3. After being assembled,
tappet 14 is movable with respect to injector body 13 along
centerline 19 between a pre-installation position as shown in
FIG. 3, a refracted operational position as shown in FIGS. 1
and 5, and an advanced operational position as shown in FIG.
7.

At the pre-installation position, the internal thread 21 is in
contact with the external thread 20 along a planar contact line
23. The contact is planar because the end of each thread is
truncated into a plane perpendicular to centerline 19. If the
threads were not truncated the contact might be helical, which
would also fall within the scope of the present disclosure. The
internal thread 21 and the external thread 20 are out of contact
with each other throughout movement between the retracted
operational position as shown in FIG. 5 and the advanced
operational position as shown in FIG. 7. As discussed earlier,
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spring 15 is operably positioned to bias the tappet 14 toward
the pre-installation position. Thus, after installation in engine
10, tappet 14 is constrained to move between the retracted
operational position and the advanced operational position. In
addition, during pre-installation handling, the planar contact
interaction 23 between the internal thread 21 and the external
thread 20 maintains the tappet 14 assembled to the injector
body 13.

Apart from retaining the tappet 14 to the injector body 13
during pre-installation handling, the threads 20, 21 also serve
to guide movement of the tappet by a first guide clearance 28
between a ridge top 24 of the external thread 20 and a cylin-
drical guide wall 31 of tappet 14, and a second guide clear-
ance 27 between a ridge top 25 of internal thread 21 and a
cylindrical guide wall 30 of injector body 13, as best shown in
FIG. 6. This guiding clearance interaction is facilitated by the
ridge top 24 of external thread 20 defining a helical band
portion of a first cylinder 34 as best shown in FIG. 2. Like-
wise, the ridge top 25 of internal thread 21 also defines a
helical band portion of a second cylinder 35.

A cross section of the external thread 20 has a shape of a
first trapezoid 36. Likewise, a cross section of the internal
thread 21 has a shape of a second trapezoid 37. The first
trapezoid 36 has a width 40 that is greater than a height 41.
Likewise, the second trapezoid 37 may have a width 42
greater than a height 43. As best shown in FIG. 6, the widths
40, 42 of the first trapezoid and the second trapezoid are
greater than a distance 45 between the pre-installation posi-
tion and the retracted position. In one embodiment, each of
the external thread 20 and the internal thread 21 encircle
centerline 19 between one and two turns. Because the reten-
tion strategy of the present disclosure is entirely located on
the outer surface of the injector body 13, a plunger 50 that is
received in a plunger bore 17 can have a guide clearance 51
that has alength 52 along centerline line 19 that is greater than
a distance 47 between the retracted operational position and
the advanced operational position as best shown in FIG. 7.
This aspect helps to inhibit migration of fuel up along the
plunger guide clearance 51 and eventually out of fuel injector
12 between tappet 14 and injector body 13.

INDUSTRIAL APPLICABILITY

The present disclosure finds potential application in any
cam actuated fuel injector. The present disclosure finds spe-
cific application in any fuel injector that includes a tappet that
is biased toward a pre-installation position with respect to an
injector body by a spring. In addition, the present disclosure
finds potential application in any fuel injector where the
spring would tend to separate the tappet from the injector
body during pre-installation handling. Finally, the present
disclosure finds potential application to cam actuated fuel
injectors where the retention strategy also serves to guide
sliding movement of the tappet after the fuel injector is
installed in an engine.

Prior to installation in an engine, the tappet 14 will be
prevented from being pushed off of, or separated from, injec-
tor body 13 by spring 15 due to the planar contact line 23
between internal thread 21 and external thread 20. When
installed in engine 10, the tappet 14 will move distance 45
from the pre-installation position to the retracted operational
position at which the external thread 20 is no longer in contact
with internal thread 21. When in operation, the tappet will
slide along centerline 19 on injector body 13. The first and
second guide clearances 27 and 28 help to guide this motion
with respective first and second helical bands 34 and 35. In a
preferred embodiment, the tappet 14 is initially assembled to
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injector body 13 by rotating around centerline 19 between
one and two turns. Nevertheless, those skilled in the art will
appreciate that additional turns, and maybe less than one turn,
would also fall within the scope of the present disclosure. In
addition, a multi-thread design would also fall within the
scope of the present disclosure. Two or more partial or full
threads would also fall within the scope of the present disclo-
sure.

By locating the retention feature and the tappet guiding
features on the outside of the injector body 13, a longer guide
clearance 51 can be provided between plunger 50 and injector
body 13 to help seal against leakage of fuel from between
tappet 14 and injector body 13 with repeated movement of the
plunger sliding in injector body 13 responsive to rotation of
cam 16 (FIG. 1).

It should be understood that the above description is
intended for illustrative purposes only, and is not intended to
limit the scope of the present disclosure in any way. Thus,
those skilled in the art will appreciate that other aspects of the
disclosure can be obtained from a study of the drawings, the
disclosure and the appended claims.

What is claimed is:
1. A fuel injector comprising:
an injector body with an external thread about a centerline;
a tappet with an internal thread that matches the external
thread and being slidably mounted on the injector body,

the tappet being movable with respect to the injector body
along the centerline between a pre-installation position,
a retracted operational position, and an advanced opera-
tional position,

the internal thread being in contact with the external thread

at the pre-installation position, but the internal thread
being out of contact with the external thread at the
retracted operational position and the advanced opera-
tional position; and

a spring operably positioned to bias the tappet toward the

pre-installation position,
wherein the tappet is constrained to move between the
retracted operational position and the advanced opera-
tional position when installed in an engine, and

wherein a contact interaction between the internal thread
and the external thread at the pre-installation position
maintains the tappet assembled to the injector body dur-
ing pre-installation handling.

2. The fuel injector of claim 1 wherein a ridge top of the
external thread has a guide clearance with respect to a cylin-
drical guide wall of the tappet, and

aridge top of the internal thread has a guide clearance with

respect to a cylindrical guide wall of the injector body.

3. The fuel injector of claim 2 wherein the ridge top of the
external thread defines a helical band portion of a first cylin-
der, and

the ridge top of the internal thread defines a helical band

portion of a second cylinder.

4. The fuel injector of claim 1 wherein a cross section of the
external thread has a shape of a first trapezoid, and

across section of the internal thread has a shape ofa second

trapezoid.

5. The fuel injector of claim 4 wherein the first trapezoid
has a width greater than a height of the first trapezoid, and

the second trapezoid has a width greater than a height of the

second trapezoid.

6. The fuel injector of claim 5 wherein the width of the first
trapezoid and the width of the second trapezoid are greater
than a distance between the pre-installation position and the
refracted operational position.
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7. The fuel injector of claim 1 wherein each of the external
thread and the internal thread encircle the centerline between
one and two turns.

8. The fuel injector of claim 1 further comprising a plunger
slidable in the injector body responsive to movement of the
tappet,

wherein the plunger has a guide clearance with the injector

body, the guide clearance having a length along the
centerline that is greater than a distance between the
retracted operational position and the advanced opera-
tional position.

9. The fuel injector of claim 1 further comprising a plunger
slidable in the injector body responsive to movement of the
tappet,

wherein a ridge top of the external thread has a guide

clearance with respect to a cylindrical guide wall of the
tappet,

aridge top of the internal thread has a guide clearance with

respect to a cylindrical guide wall of the injector body,
the ridge top of the external thread defines a helical band
portion of a first cylinder,
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the ridge top of the internal thread defines a helical band

portion of a second cylinder,

a cross section of the external thread has a shape of a first

trapezoid,

across section of the internal thread has a shape ofa second

trapezoid,

the first trapezoid has a width greater than a height of the

first trapezoid,

the second trapezoid has a width greater than a height of the

second trapezoid, and

the plunger has a guide clearance with the injector body,

the guide clearance having a length along the centerline
that is greater than a distance between the retracted
operational position and the advanced operational posi-
tion.

10. The fuel injector of claim 9 wherein the width of the
first trapezoid and the width of the second trapezoid are
greater than a distance between the pre-installation position
and the retracted operational position, and

each of the external thread and the internal thread encircle

the centerline between one and two turns.
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